This paper presents a dynamic model for the response of a circular ring excited by piezoelectric transducer (PZT) actuators bonded on the ring surface. The dynamic response is determined based on the dynamic interaction between the PZT actuators and the structure using an impedance approach. Compared with the conventional static approach, in which a statically determined "equivalent force" of the actuator is used as the forcing function in the dynamic analysis, the impedance approach cannot only capture the physics of the actuator/structure interaction, but also accurately predict the structural dynamic response. Experiments have also been conducted to verify the theoretical model. The predicted dynamic response using the impedance approach agrees very well with the experimental results. Comparison of the conventional static approach and the impedance model has also been presented.
INTRODUCTION

Piezoceramics have often been used as actuators for active structural vibration and acoustic control. The structural behavior (for beams and plates) under the excitation of piezoceramic actuators was modeled by Crawley and de Luis (1987) and Dimitriadis et al. (1989). Most dynamic analyses
of adaptive structures with integrated actuators have been based on a static approach, namely, using a statically determined transmitting force as the forcing function in the dynamic analysis. Liang et al. (1993) have developed an impedance modeling methodology for the dynamic analysis of adaptive material systems. Unlike the conventional static approach, the impedance approach determines the actuator transmitting force based on actuator and structural impedance, rather than on the static actuator and structural stiffness. The transmitting force depends on the global structural dynamics, including boundary conditions, structural damping, stiffness, and mass. The dynamic response determined with the static approach is a scaled frequency response function (ratio of response to excitation force), not the true response under a variable force excitation. This paper will apply the general impedance methodology to a circular ring. Experimental results will be presented to validate the theoretical model. Comparison between the impedance approach and the static approach will also be conducted.
I. SYSTEM DYNAMIC MODELING
Consider a ring or a cylinder for which the axial traveling wave is not considered. Two PZT actuators are bonded on the top and bottom of the ring surface to create a pure bending moment, as shown in Fig. 1 . The ring is assumed to be "thin" so that the linear Love-Kirchhoff theory (Leissa, 1973; Soedel, 1981) can be used. The actuator is also assumed to be "very thin" so that the stress across the actuator thickness remains constant in order to use the impedance model. To simplify the derivation, the width of the ring is assumed to be unity. 
where F is the force exerted on the structure by a PZT actuator at its edge, and s and h are the actuator and ring thicknesses, respectively. Here, Op is the angular coordinate of the actuator edge, as shown in Fig. 1 . Note that F is the dynamic transmitting force and is presently unknown. The transmitting force F, acting on the ring, also satisfies the following relation: One PZT actuator (top or bottom) and its interaction with the ring may be represented by a generic system as shown in Fig. 2 . The curvature effect has not been considered in the dynamic modeling of the piezoelectric actuators. It is, therefore, necessary to assume that the patch's dimension be kept small relative to the cylinder radius so that the error due to the curvature effect can be neglected. The motion of the piezoelectric will be considered along the d32 direction (or in the global y direction).
As an electrical field is applied in the actuator thickness direction, the actuator expands and contracts in the y direction (d32 effect). The one-dimensional constitutive equation for the actuator can be written as
where S2 is the strain, T 2 the stress, E the electric field, d32 the piezoelectric coefficient, and g•2 the complex compliance at a constant electrical field.
The equation of motion of the actuator vibrating in the y direction may be expressed as follows: 
where the wave number k is given by k 2-to2(pp/fZ2E2),
where w is the excitation frequency. The boundary condition of the PZT actuator is illustrated in Fig. 2 . The interaction between actuator and substructure is taken into account by the equilibrium and compatibility equations which are written in terms of the point impedance of the substructure: t=l o= Op S = --i .,zI o= opv l o= Op
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The above equations describe the complex boundary conditions for the PZT actuator, which is given by transmitting force=host structural impedance x driving point velocity.
The two boundary conditions [Eqs. (8) and (9) 
